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Eastman in 181)7 (k‘s(M*i])0(K as T(i)uiob(ifis retasius, a spoci- 
ineii from roiinty, Ivmttueky, mu'losod in a limestone 

nodnle, wliicdi lie believed to exhibit tlie dorsal .siirfaee of the 
brainease of a Devonian skate, llowevei*, the a"e of the speeiimm 
is uncertain; it is not a skate; it is the ventral, rather than the 
dorsal surface of tln^ brainease that is exposed. In eonseqnenee, 
Kastman’s strnetnral idimtifieations are quite erroneous. The 
Tamiobatis type is, never) heless, of eonsidei^able importance, for 
it is the best preserved specimen of a l^aleozoic elasinobrancli 
b]-aiu('as(‘ so fai* described. A few Ibdeozoie forms are repre- 
.sented by crushed slab matfU'ials in which littl(‘ niori)holoo‘i('al 
d(‘tail can be made out. But of thi*ee-dimensional Paleozoic shark 
liraincases, there have Ix^en described only two imperfect speci- 
mens. These nve iiartial, late Devonian braiiu'ases. pr(\snmably 
of Cladodas-' type (Stensi<), 19:37; (}i*oss, 19:37).'^ 

Some years a^*o I was struck by the obvious rc'simiblance of 
Tamiobafis to the pleni-acanth braineases which T was then 
studyin<>'. Tin' specimen (FSAAI Xo. 1717) was loaned to me 
through the coni’tesy of the Division of Vertebrate Paleontology 
of the Fnited States Xational Mnsenm. In earlier ye'ars (‘om- 
plete development of the specimen would have been extremely 
difficult ; thanks, however, to the lunver methods of acid pi*epa- 
ration developed at the Britisli i\lns(‘nm Iiy If. A. Toombs and 
A. E, Pixon, the limestone nodnle has been (*om]detely etclu'd 
away witliont harm to di'licate sui’fac'c structures of the brain- 
case. Preparation was doin' with the aid of a XTitional Science' 
Foundation grant for study of Carboniferous vertebrates. I 
had originally planned to defer description of this specimen 
until after publication of work on the structure (internal as 
well as ('xte'rnaF of the pleuracanth brainease. But since it 
(Uirrently appeal's that this study Avill not be completed for 
some time to come, I am publishing the ]u*esent aeeonnt. des]iite 
the fai't that incomplete knowledge of the internal structure of 

1 A further Paleozoic shark hraincaso is currently l)eing studied by Dr. D. II. 
Dunkle of the U. S. Xational Museum. 
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older elasmobrancli braineases may cause misinterpretation of 
the nature of foramina and other external features. 

In the description below 1 have made no reference to East- 
man’s original description, since his belief that the originally 
exposed surface was dorsal rather than ventral invalidates his 
identifications. Thus, for example, the canals for the aortse are 
identified by him as endolymphatic ducts, the pituitary fossa 
is said to be a dorsal fontanelle, the interorbital region is labelled 
rostrum, and the postorbital and otic processes are described 
as antorbital and post orbital processes, respectively. 

Provenance of the Specimen 

No data concerning the discovery of this specimen have been 
preserved in the records of the Ih S. National Museum beyond 
the statement that it was found in the eastern part of Powell 
County, Kentucky. As may be seen from a geological map 
(Jillson, 1929), this small county includes strata ranging from 
Silurian at its western margin to lower Pennsylvanian (Potts- 
ville) on the ridge-tops to the east. However, the stratigraphic 
possibilities can be readily narrowed down. On the one hand, 
the Pennsylvanian beds are continental shales and sandstones, 
and it is practically out of the question that a limestone nodule 
containing marine vertebrates could have been derived from 
them. On the other hand, Silurian and most Devonian beds are 
confined to the western part of the county, and the only De- 
vonian strata reaching the eastern part of Powell County are 
the black shales of the late Devonian, in which (again) occur- 
rence of a limestone nodule of this sort is most unlikely. 

Considerable work in this general area is being done at the 
present time by the U. S. Geological Survey. It is the opinion 
of those familiar with the region that the specimen rather surely 
came from early Mississipi^ian limestones present in eastern 
Powell County. Possibly a closer determination can be made 
when current studies of the region are completed. 

DESCRIPTION 

General. The general appearance of the braincase is readily 
seen in the illustrations. The surface of the cartilage was calci- 
fied to the extent of a millimeter or so. The calcified areas are 
dark in color; over a considerable area of the ventral surface, 
exposed before collection, the calcified material has been eroded, 
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leaving a cast of tlie uiiderlyiii^- region o(*('iipi(‘(I by Iiyaliiie 
cartilage. Siieli areas are left in the plate. Tlu‘ ^(‘iK'ral 

])ropoi*tions are obvious fi*oni eitlier dorsal or v(‘iitral aspects, 
and sneli stnietnral features as nasal pi’oeesses, ])ostoil)ital proc- 
esses, the lon^* otic region, with prominent lateral otic proc(‘sses, 




Fig. 1. Dorsal view of the braiiivase, sliglitiv restored. X '4- Aldn'cvia- 
tioiis for this and following fignres: e/, posterior border of anterior fon- 
taiielle; artic, articular facet for palatotpiadrate ; re, point of entry of 
“coinnion carotids” into braincase lloor; dlof^ dorsolateral otic fossa; 
docop^ dorsal “opening” in occipital region; dor, dorsal otic ridge; (C.^, 
iini)ression of course of external carotid; r/Af, foramen i)ossibly for efferent 
hyoid aitery; end/, endolymphatic fossa; fm, foramen magnum; ir, iinpies- 
sions of course of internal carotids toward pituitary region; lor, lateral 
otic ridge; ?mcv, foramen probably for middle cephalic vein; )\ll, openings 
for supraorbital lateral line nerve twigs; np, nasal jiroeess; ocvr, occipital 
crest; op V VII, foramen for ophthalmic rami of nerves V and VTT ; 
op VII, foramen for ophthalmic ramus of nerve VII; os, optic stalk; 
otpr, otic process; pit, pituitary region (eroded); pop, postorbital X)rocess ; 
2>/ VII, canal for pretrematic ramus of nerve VII; r, calcified flooi’ of base 
of rostrum; rpv, ridge covering posterior part of posterior vertical ear 
canal; .so.s’, subocular shelf; sv.’, foramina possibly for somatic nerve twigs; 
unc, uncalcified areas of braincase surface; vcl, foramen primarily foi' vena 
capitis lateralis; vlof, ventrolateral otic fossa; vos, ventral shelf in otic 
region containing passage for lateral head vein; II, optic foramen; III, 
oculomotor foramen; IV, trochlear foramen; V, -f- F^, foramen for maxil- 
lary and mandibular rami of trigeminal nerve; V gioove for mandibular 
ranins of trigeminal; VII, probable foramen for al)duccns nerve; VI f, 
foramen for main trunk of facial nerve; IS -f- X, fossa for glossoi)liaryngeal 
and vagus nerves. 
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and the occipital region, are apparent at first glance. A notable 
contrast with typical inodern shark l^raincases is the long otic 
region, ft seems quite certain that the brainease has undergone 
considerable dorso ventral crushing, so that the height (par- 
ticularly in th(‘ otic region) is surely much less than was the 
case in life. 

Xasal region. Anteriorly, as in modern sharks, the roof is 
deeply incised by the curved posterior margin of the anterior 
fontanelle, lying above the cavum pi-ecerebrale. Ventrally there 
is preseiwed, imperfectly, a thin sheet of calcified cartilage 
which represents a rostral structure. From its feeble nature it 
seems cei'tain that the rostrum was short. On either side of the 
fontanelle the uppei* surface of the brainease extends antero- 
laterally to form a paidial roof for the nasal region ; a prominent 
foi'ainen here is obviously for the einergeiice of the superficial 
ophthalmic ramus of nerve VI 1, iiniervating the lateral line 
organs of the snout. 

Xasal capsules are not preserved and were presumably un- 
(‘.alcified. A nasal pi’ocess is completely preserved on the right 
side; that of the left side is slightly imperfect anteriorly and 
laterally. From the lip of each process a narrow plate of calci- 
fied cartilage descends ventrally and posteromedially toward 
the floor of the brainease; this marks the anterior end of the 
plate of (-alcified cartilage whi(di forms the inner wall of the 
orlntal cavity and separates the orbit from intra-cranial areas. 
There is no foramen for an olfactory nei've in the anterior part 
of this plate, and hence this nerve lay medial to it and to the 
nasal process. The contours of the outer surface of this plate 
give no indication of the develojunent of a nasal capsule lateral 
to it. ft is hardly possible that the capsules could have been 
situated medially to these plates, filling — or nearly filling — 
the preeerebral cavity. It seems reasonable to believe that these 
structures, not improbably essentially spherical in shape, pro- 
jected foi’ward, with the curved surfaces presented by the lateral 
edge of the rostrum and the plates descending from the imsal 
roof marking part of their ventral and lateral margins. 

Orhifal region. The brainease roof is very broad and nearly 
flat between the large orbits. On either side, the roof extends 
outward as a wide shelf, with a smoothly concave lateral out- 
line, ovei' the orbital cavities. A series of small foramina on 
either side allowed the passage of nerve twigs fi*om tlie ophthal- 
mic iTimus of nerve VTT to reach the neuromasts of the supra- 
orbital lateral line canals. 
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Beneath tiiis pi'oteetiiij*- roof, the upper part of tlie orbital 
wall sliows a smooth swc'op of it.s surface from th(‘ nasal i’(‘<^ion 
backward and, finally, oiitwai-d to the anterior surl'ace of tin* 
postorbilal pi-ocess. The sup(‘rti('ial ophthalmia ramus oT nerve 
VII obviously travelhnl Toi-ward well up beneath th(‘ roof (where 
are seen the ium*r opening’s of th(‘ small foramina foi* 11 h‘ supra- 
orbital lateral line), to r(‘aeh ant('rio]*ly tli(‘ lai'<4’(‘ foramen by 
which it gained th(‘ roof of th(‘ nasal region. 




Fig. 2. Lateral view of ilie ln‘aiiica.se, slightly restored. Xo attempt has 
been made to eorreet the marked dorsoveiitral eriishiiig. Al)l)reviations ns 
in Figure 1. X 



High up, posteriorly, is ti lai’ge opening, diiH'eted anteihorly, 
which is surely for tlu' exit of the ophtlndmic I’timi of the tri- 
geminal and facial nei‘ves. Somewhat anterior and ventral to 
this is a small foramen in tin' appropriat(^ j)osition for emer- 
gence of the trochlear nerve and, fartlnu* ventrally, a somewhat 
larger foramen for the oculomotor mu’ve. Anteriorly, at about 
this vertical b‘vel, tluna' develojis a longitudinal ridg(‘ running 
forward toward the nasal region. P>elow this ridge there is 
present well anterioi*ly a large foranum, oi^ening antcu'olaterally. 
which is pi’esumably for the optic nerve. A nai*row bar back oT 
this foramen separates it from a long oval opening ('xtcuidiug 
back much the length of the orbit not fai* above the flooi*. TIu' 
up}ier and lowei* rims of this opening are somewhat ('vei'ted ; 
its j)Osterioi* margin is curved strongly outward, and I'epresents 
the anterior end of a swollen ridge which ]Hjsteriorly subside, 
into the general contoui’s of the cranial wall. The impr(‘ssio]' 
gained from this top(gi*aphy is that tlu‘ opening j)rovid('d fo'- 
the emei'gence, anterioidy and laterally, of a cylindrical stiaic 
ture of some sort — obviously an eve stalk of typical (‘lasmo 
bi-am-h type. 
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Opcniiig\s for an ophthalmic (orbital) artery and a pituitary 
v(‘in would be expected in the ventral part of the orbital cavity. 
1 have been unable to make out such openings, presumably be- 
cause of the crushing undergone here by the specimen. 

Posterior to the position of the eye stalk, opj)osite the base of 
the postorbital process (and hence not seen in lateral view, but 
see Pig. 4A), there is a deej) ventral recess, expanding antero- 
laterally from a large foramen. This was obviously for the 
emergence of well as, presumably, the lateralis 

nerves for the infraorbital and mandibular lateral line organs. 
Identification of a small imperfection in calcification as a fora- 
men for nerve VI is less certain, 

Ventrally, the orbital rim turns sharply outward to form a 
subocuiar shelf ; this is far narrower than the dorsal rim. An- 
teriorl}^ the ventral surface of the braincase has been badly 
eroded, and it is possible that in life this shelf may have been 
more developed than the specimen now suggests. 

Posfo7'bit(d process. This process is highly developed. Its 
dorsal surface is convex in section, the anterior portion being 
a lateral continuation of the orbital roof. It curves markedly 
downward laterally. The anterior surface, conforming to the 
sijlierical contour of the orbit, is essentially a smooth wall, ver- 
tical below, curving outward above (Fig. 4A). From the ventral 
base of the anterior surface of the process a distinct groove, 
bounded below by the subocular shelf, extends outward for some 
distance. This may have served as a channel for the mandibular 
ramus of the trigeminal nerve. Distally, the postoiPital process 
proper curves forward as well as downward. Back of this area 




Fig-. .3. A, anterior, and 7?, i)osterior views of the right postorbital proc- 
ess. Abbreviations as in Figure 1. X 
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(Kig. 3B) is a well-defined ai'tieular siu*face, eoiicave in cross 
section, for the palato([nadrate. Its curved anterodorsal bound- 
ary is the posterior boi‘d(‘r of tlie postorbital ])rocess proper, its 
v(‘ntrolatei‘aI boundary a ridye situated on a ])Osterior accessory 
buttress of llie j)ostorbital i)rocess. Posteriorly, i)roxiinal to the 
articulai* area, the ])OstorbitaI j)rocess is pierced diaj»onalIy by 
a i)roinin(Mit foramen. Its median o])cning* enters tlie })i’Ocess 
well ventrally on the posterior surface; it emerges on the ante- 
rior surl’ace just above a lateral extension of the subocular shelf. 
Tliis foramen may have served for the ])assage forward ot‘ the 
pi'etrcmiatic i*amus of the facial nerve. At tlie base of the process 
a lai’ge foi*amen, surely eanying the vena capitis lateralis, 
pierces it in an antero])osterior direction. This leads from the 
ventral part of the orbital area, dorsoIatei‘al to the foramen for 
V0-V3, back to a ventrolateral shelf area in the otic region. 

Otic region. As noted above, the otic region is very long, as 
coni])ared with that of modern elasmol)ranchs. Even excluding 
the occipital region from compaidson, the length here is much 
in excess of the anterior portion of the braincase. It is broad 
as well as long (although the seeming relative breadth is un- 
doubtedly exaggerated because of dorsoventral crushing). For 
much of its length the median roof area is slightly concave in 
section — tliis a continuation of a slight median depression 
present in the interorbital region. Medially in the j)Osterior half 
of th(‘ i-oof is an (dongate fossa which obviously included the 
openings of the endolymphatic ducts. Posteriorly, this opening 
is surrounded by a low raised ridge; for most of its length, 
howevei’, it is bord(n*ed by a pair of prominent ridges, which 
may be termed the dorsal otic ridges. For the anterior two- 
1 birds of their lengths these ridges have laterally a sharp curved 
boialer, .somewhat coneav(‘ in outline in dorsal view. This may 
have Iain ])arall(d to the upi)er inner niai'gin of tlu^ palato- 
(piadrate, with whicli it may have had a ligamentous connection. 
Posteriorly, the })rocesses become narrow, and are mildly 
swollen on their dor.sal surfaces. Distally, their terminations 
overhang somewhat flattened areas on either side of the jmsterior 
end of the endolymphatic fossa; these areas were i)resiimably 
occupied i)y median dor.sal segments of the axial inusculature. 
and the tips of the processes may have been in continuity with 
some type of “nuchal” ligaments. As .shown by sections of 
pleuracanth braiiicases (similarly built in this region), the an- 
terior vertical eaimls of the intenial ear lay beneath the anterioi* 
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portions of the dorsal otic ridges, and paid of the posteidor ver- 
tical canals lay beneath the posterioi* portion of the ridges. 

Pi ojecting laterally, the length of the otic segment, is a longi- 
tudinal ridge, rounded in section, which may be tenned the 
lateral otic ridge. As shown by pleiiracanth specimens, this 
lateral ridge contained the horizontal canal of the internal ear 
— a canal of remarkable length. Between dorsal and lateral 
otic ridges is a deep longitudinal holloAV, which may be tenned 
the dorsolateral otic fossa. The jiosterior boundary of the fossa 
is a low rounded ridge which descends posterolaterally from thi‘ 
doi’sal otic iddge ; this presumably overlies the posterioi* end of 
the posterior vertical canal. Tn the floor of the fossa is an oval 
area, broader postei*ioi*ly, in which no calciflcation of cartilage 
is present. 1 believe that this represents merely an absence of 
calciflcation in the surface cartilage in this region; it is im- 
probable that any opening was present here in life. Xo further 
ojienings are appai'ent in the boundaries of the dorsolateral otic 
fossa. It may have been partially occupied by axial musculature. 

BeloAv the lateral otic ridge is a second longitudinal channel, 
which we may term the ventrolateral otic fossa. Its dorsal 
border is the lateral otic ridge; its floor a lateral extension of 
the basicranial flooi*, which curv(‘s upward as aatII as outward. 
This upAvard curvature results in the formation of a longi- 
tudinal trough Avhieh extends rn( st of the hmgth of the fossa; 
its oiitei* margin is somewhat concave in contour as seen fi*om 
abo\m or beloAV, although Avitli a slight lat(U*al proj(‘(dion f pos- 
sibly post-mortem) at mid-lengtli. Postei-iorly tins ti*ough, Avhich 
obviously cari'ied the v(‘ua capitis lat(*ralis, opims ]at(u*aliy some- 
Avhat short of tin' end of the otic region. Above the level of th(‘ 
trough and jnst behind the postoi'bital ]u*ocess a Ave]I-d(‘velo]ied 
foranien opens outAvard and backAvard. This is undoubtedly the 
()j)ening for the facial nerve. An opening ])Ostei*ovent ral to this 
is perhaps for a middle cephalic Aadn. Farther posteriorly tliere 
are, on botli sides of the specimen, tAvo oval nncalcifi(‘d areas on 
the inner Avail of the fossa. T cannot interpi*et them as being to 
any degree functional; they a]*e too far ant(‘i*ior foi* either to be 
reasonabl.A^ int<u*pi*eted as for iierA^e TX. 

Posteriorly, on (uther side, the otic region ex])ands laterally 
into a ])romin(‘nt latei’al otic ]n* 0 ('ess. The dorsal siu*fa(-e of the 
])rocess is for the most part gently couatlx ; its ]u*oximal ]iai*t 
Avas ])resumably uiuhu-lain by tlu‘ posterior end of the lmi*izontal 
semicircular canal. Close to its antei*ior end is a tiny dorsal 
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foi'a]iH‘n wliicl] may hav(‘ carriiHl sonu* ('()m]>onBiit .^somaliB 
— of tlu' IX-X JUTve (.‘omj^lox. Tlio distal (Mid of tlio ])rocoss 
and tli(‘ distal j>art of its ant(‘rior margin t(>niiinat(^ in thin 
blunt ri(lg‘(\s w!ii(di would aj)p(.‘ar to havt‘ Imhui artioulai- in 
natur(‘, iHU'liaps having- ('Oiitact witli some aut(U*ioi‘ niemb(‘i* or 
members of tlu‘ ^‘il! arcli s(*ri(\s of eart ila<>‘es. 'Tb(‘ antcu-odistal 
terminus of tlu' ])ro('es.s is tilted promiiumtly upward. 

A V(‘ry eonsidei'abb* })ai‘t of the anterior fae(‘ of tlu' lat(‘ral 
otic j)roe(‘ss is hn'kiu^' in caleifieat ion ; this area is cpiite irregadar 
in outliiKM as may bt‘ siaui in the fij^ana^s. I>ut no laaison can 1h‘ 
adduced for siudi a promimmt lack of cbondrification. It is 
imi)robabl(' that the ('onditiou scam iii the siiecimmi was due to 
post-moilem loss of surface, foi* tliis re^aon was not ex]K)sed to 
weatli(uan<>- of the nodule, and despite the irrej^ularity of the 
‘‘opening” here, closely similai* patterns ai*e ])ia\sent on Imtb 
sides. 

As noted belo\v, the under side of the otic jiroca^ss is deeply 
undermined posteriorly. On either side, the calcified base of tlie 
otic pi’ocess is sejiarated from the basal plate of the braincasc* 
by a narrow slit in wbicii no calcification is pi’esent. Whether 
this slit existed in lif(% and reju'escmts a persistent marker 1)(‘- 
Iween otic and o('ci})ital cartilages, or wlietlier this is due to 
post-mortem crushing, is uncei-tain. 

Occipital region. This i.N relatively short, constriidcMl in width 
post(U‘iorly, and of h*ss(n- depth than the otic region. Dorsally, 
indications of division lietwen otic and occipital ri'gions are simmi 
in the form of slight ridges which begin, on either side, latcu'al 
to the posterior end of the (mdolymphatic fossa and (uu‘V(^ out- 
ward and liackward to t!u‘ ]:)Ost(u-ior margin of the l)ase of tin* 
otic pi-o('(^sses. Certain of the markings here ai*<‘ a[)i)arently 
post-mortem in nature, Imt pi'obalily i*epresent, in any event, 
indications of structural weakness at the points of fusion of 
elements embryologi('al ly discret(‘. (Xo indications of sej^aration 
of units are visible ventrally.) 

Just posterior to a low transverse ridge behind tlu' (oulo- 
lymphatic fossa is a large triangular opening, fa('ing doi'sally. 
At fii‘st glance om* would assume, fj^om its position, that this is 
the foramen magnum. This, howcwei*, is not the (‘ase, but the 
nature of this opening is uiiknoAvn. Possibly it m(n-(dy i*epre- 
sents an uncalcified a)*ea in the bi’aiu('as(» roof, but against this 
intei‘])retation is the fact that the opening shows a distnict. if 
low, boundary ridge. P(jstciaor to this oj^euing there is a median 
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occipital crest (incompletely preserved in the specimen). Below 
the posterior termination of this ridge lies the foramen inagnmn ; 
this is nearly completely obscured by dorsoventral crushing. 
The dorsal portion of the occipital segment is relatively narrow, 
its lateral boundaries curving medially and posteriorly from the 
posterior margin of the otic processes. This dorsal area, bound- 
ing laterally the triangular dorsal opening, described above, 
and the occipital crest, is gently convex in vertical section; 
there is present here a small foramen, perhaps for a “spino- 
occipitaT' somatic nerve ramus. 

Farther ventrally the occipital segment is much broader than 
it is dorsally, its lateral margins curving inward and then back- 
ward, from a point well out beneath the otic processes. The 
upper surface of this thin ventral region forms the floor of a 
cavity of considerable size which extends forward, contracting 
in width in its course, beneath the main expansion of the otic 
process and the dorsolateral margins of the occipital segment. 
This cavity was not explored to its full depth, but surely formed 
the exit for the vagus nerve and not improbably the glosso- 
pharyngeal as well. I believe I can make out, in the lateral wall 
of the cavity near its posterior end, the inner opening of the 
small foramen in the otic process, mentioned above, which may 
have carried a small somatic branch of the glossopharyngeal or 
vagus. 

The occipital cond3de is, as preserved, much broader than 
high ; it is ^^-shaped in contour as seen from above or below, and 
deeply indented centrally, presumably for the notochord. 

Ventral surface. The ventral surface of the specimen was 
exposed when found and had been subject to weathering. The 
light-colored areas shown in the plate are regions in which 
weathering had removed the thin surface calcification of the 
braiiicase floor; except anteriorly the damage was not severe. 
The ventral surface was essentially flat. In the interorbital 
region the lateral margins follow the curved line of the shelf 
underlying the orbit which, as noted earlier, has been destroyed 
in part by erosion. Behind the ])ost orbital processes the flooi’ 
broadens greatly, its lateral borders curving upward somewhat 
to form the margins of the trough which carried the vena capitis 
lateralis. Beyond the otic })rocess there is a moderate constric- 
tion in width to the margins of the condyle. As suggested by 
the pattern of erosion, there were slight longitudinal ridges on 
either side of the midline toward the back; these merged 
antei'iorly. 
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Fi^^. 4. Ventral view of the ))raincase ; the i)ituitary region is iini)erfectly 
preserved. Abbreviations as in Figure* 1. X 

Po8t(M-iorly the bi’ainease extends to a greater cleptli tlian in 
typical modern (dasmobrandis, for tli(‘ j)aired anterior con- 
tinuations of the dorsal aorta (“common carotids”) entered 
tlie braincase floor a sliort distam'e anterior to tlie (*ondyle. 
Well forward in the otic region a pair of optmings presumably 
mark tlie exit of the cai*otids from the aortic canals, and, as may 
be seen from the plate, there is evichnu'e of grooves — jiresuni- 
ably for internal carotids — leading from these foramina for- 
ward and medially toward tlie hyjiophysial region. Kartluu* 
forward on each side is a foramen whi('li may liavi* Ihmmi tin* 
point of entrance of the hyomandibular (pscmdobramdiial) 
artery. Still farther forward on either side is a further ojxm- 
iiig, from which a deep groove h^ads forward and outward into 
the orbit; presumably this was for an external carotid. 

It is unfortunate that almost the entire surface* layer of 
calcified cartilage has been lost in the hypophysial r(‘gion ; how- 
ever, it is reasonable to believe that the surface of the matrix 
essentially follows the surface contours. There was here a large 
oval depression, which may have ('ontained an open hypophysial 
j)it. Paii*(*d indentations leading forward from the front end 
of this depression suggest that tlie two internal carotids ent(*r{‘d 
the braincase independently here. 
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CXIMPARISOXS 

As noted above, nnerushed Paleozoic elasmobraiicli braincase 
material exists otherwise only in the case of the two late De- 
vonian specimens of '' Cladodus"' and tlie pleiiracanth material 
from the Permian which 1 am curi‘ently studying’. The Tamio- 
hatis type may be compared with these forms. 

The .specimen studied by Stensio (1937) and named Cladodns 
hassiaciis by Gro.ss (1937) includes only the ventral half of the 
middle portion of the braincase. The roof is nowhere present; 
the specimen ends anteriorly without including the front 
borders of the orbit and teianinates posterioi'ly part way along 
tile otic region. As far as preserved, the general jii’oportions are 
comparable to those .seen in Taniiobatis. The optic nerve, eye 
stalk, main trigeminal opening, and moi’e dorsal opening foi* 
ophthalmic rami ai*e present as in Tamiobatis. but the last two 
foramina are apparently less developed than in our type. Due 
to crushing and erosion, 1 cannot tell whether oi* not Taniiobatis 
had a notch foi* palatoquadrate articulation {obf in Steiisio's 
figure 1) or whether the ventral bloodve.ssel openings which he 
figures were present. Stensid has restored the nasal region di- 
rectly fi’om Chlaniydosclachiis, but thei*e is no specific reason for 
assuming that the patteiai was of the fashion found in that 
modern genus. Of the postorbital process only the lowei* portion 
was pre.sent in his siiecimen, and, pi'obably as a eonse(inence, it 
appears to be slimmer than in Taniiobatis. Quite surely, had the 
proce.ss been better preserved, there would liave been found, as 
in Taniiobatis and in Gross’ specimen, an articulai' facet for 
th(‘ palatoquadrate, and not improbably a canal of the sort which 
I have suggested as carrying the iiretrematie ramus of the facial 
nerve (perliaps tlie notch which he illustrates at tlie tip of his 
])ostorbital pi’oeess represents the remains of this canal). Stensid 
in his figure 3 shows, on the left side, two canals emerging poste- 
riorly from the base of the postorbital process, of which the upper 
is labelled as for the jugular veiji, the lower for the main tnink 
of the facial nei’ve. T1 k‘ course indicated foi- the jugular is in an 
unusually high jiosilion for that vein, and I suggest that with 
beftei' material it would b(‘ found that (as in Taniiobatis) it is 
th(‘ ventral canal which can*i(‘s the lat(‘ral head V(un and that 
the dorsal opening is that for the facial nerve. 

As indicated by his figui’(‘ 5 and the text, the (‘anal region of 
flu* ear was incom))letely ]n‘(‘S(U‘ved in Stensid ’s s])(a‘imen. A])- 
j)arently i)arts, at h‘ast, of all three canals were ])resent in his 
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specimen. lIow(‘V(n-, tliey appear to occupy a sliort .s})ace aiitcro- 
l)osterior!y — iimcli short (‘r than is the ('as(‘ in i)lenracanths, 
7'amiohafis, oi- (ap])arenl ly) in (iross’ sjx'cinun] of ("ladodus/' 
This seeming' al)breviat ion may \v(‘ll b(* dm' to ci'usliing and im- 
IKM’fections at the |)ost(‘rior (MuI of Stensid’s sjKH'inien. 

In St(‘nsi(i's, as in Gi'oss’ spc'ciim'n, in Tcnuiobalis and in i)l(m- 
i’a(*anths, and in eontrast witli l\(‘(*ent elasmobranclis, tlie ‘'com- 
mon cai’otids” arc carried well forward veiiti’ally in the l)ase 
of the braincase. A series of foramina farther forward in the 
braincase floor agrc(‘ well in g'eneral with those desci'ibed by 
Gross and those ])resent (in incomplete fashion) in Tamiohatis. 

Stensid’s s])ecimen is incoiiiplete ])Osteriorly ; he arbitrarily 
terminat(‘s the bi'aincase in his figiii'e d at a distam'e from tlu' 
oi'bit comi)arable to that seen in inodeni elasmobranclis. Due to 
this arliitrary posterior termination, and to his restoration of 
the nasal region in accordance with that of CJfhm} jjdo<icI(tvJ}ns, 
the gemn'al picture of tlu' bi-aincase in Ids figaire 6 is very similar 
to that of modern shai'ks. But (pdte surely Ixdter presei'vation 
of the siiccimen would have shown very diffei'c'iit jn'oportions, 
mneh more in keejdnj^ with Gi'oss' Cladodus wildnufjcnsis, 
I'amiohafis and iileiii-acanths. In this instance, as in the further 
s])ecimens to be discussed, certain featiii'es (the pi'esence of an 
ojitic stalk, etc.) are closely comparable to tliose in modern 
elasmobranclis; others (as the canals for the “common caro- 
tids’’) are features probably of a primitive nature, lost or 
modified in modernized forms. 

The specimen studied l>y Gross (1987) and referred to 
Cladodus udlduu(j( nsis is from the same horizon and locality 
(Wildungen) as that of Stensid, and considered by him to be 
generically identical. It is much more complete. Anteriorly, it 
includes the posterior margins of the dorsal fontanelle, and thus 
lacks only a small area of iiresumed calcification in the nasal 
region; posteriorly much of the endolymphatic slit is pn'sent, 
and hence there has been lost only the short occipital region and 
the posterior end of the otic region (with the otic proce.sses). 
The specimen is somewhat larger than Tamiohatis^ but resembles 
that type closely in general proportions in both dorsal and 
ventral views, and has the great advantage of being uncrushed. 
Whereas, for example, this Cladodus specimen is but 20 pei- cent 
or so larger than Tamiohatis in diniensions measured on both 
upper and lower surfaees, its height at (for example) the level 
of the postorbital ju'oeesses is apin’oxiinately double that of 
the Tamiohatis type. 
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As may be seen by comparing Gross’ figure 1 with Figure 1 
of this paper, his braincase is in dorsal view very similar to 
that of Tamiohatis. Both show tlie notch for an anterior fonta- 
nelle, a l)road interorl)ital region forming laterally a roof for 
the large oi*bit, and a row of nerve foramina for the supraorbital 
lateral liiic canal. In both there is a prominent postorbital 
process (somewhat imperfect dorsodistally in the Gross speei- 
men). In this specimen we find definite proof that — in contrast 
to Stensio’s assumption — there was a greatly elongated otic 
region. As in Tamiohatis, there is a well-marked area of the 
dorsal ridges such as I believe were apposed to the palatoquad- 
rates. Centrally and posteriorly there is an elongate endolym- 
phatic opening like that of Tawiohafis. As in that form, a 
swelling (/?/>) posterolateral to that opening is obviously re- 
lated to the posterior vertical canal, thus showing that in 
Cladodus/^ contrary to Stensib’s interpretation of a mueh 
poorer specimen, the canal region was greatly elongate. Dor- 
sally, Gross’ s])ecimen becomes imperfect postei-iorly before the 
end of the endolymphatic slit is reached. Tie t(mds to assume 
(presumably influenced by a comparison with modern sharks) 
that the terminus of the roof of the braincase had been nearly 
attained at this point. But comparison with Tamiohatis strongly 
suggests that a considerable area is absent here, including pro- 
jecting otic ])rocesses. It is unfortunate that it cannot be said 
whether the dorsal ridges terminated in the prominent pos- 
teriorly-projecting processes seen in Tamiobuti.^ and pleura- 
cant hs. 

Ventrally, Gross’ specimen again compares closely with 
Tamiohatis : his figure 5 (except for the absent otic processes) 
comjiares closely with my Figure 4. 

The structure of the orbital region, seen in Gi*oss’ figures 3A 
and 3B, is comparable in most respects to Stensib’s findings 
and those seen in Tamiobatis (Fig. 2). In all three there is a 
prominent oval for an eye stalk, an optic nerve foi*amen an- 
terior to it, and more dorsally, foramina for nerves 111 and IV. 
As in the case of Stensib’s specimen. Gross was able to make 
out ventral foramina for an ophthalmic artery and pituitary 
vein — structures which crushing appears to have obliterated 
in Tamiobatis. In Tamiobatis there appeal's to be a single open- 
ing in the post(‘rodorsal corner of the orbit for ophthalmie rami; 
in C. wildanfjrasis there are two distinct openings here (0 Sap. 
0 Sap.^). 1 am unable to completely I'econcile the foramina for 
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Virions elements of V ami \'ll as delermiiied by Gross willi 
tliose wljieh 1 apj'^eai* to find in Tinniobatis or those identified 
l)v tstensid. As in I'amiobat is, hut in disa^n-eement witli 
Stensid’s desc-ription ot‘ bis specdmeii, tliere is bnt a sin^de an- 
t(‘ropost(‘rioi‘ canal trav{‘rsin^’ the base of' the ])Ostorbital process. 
As not(‘d above, tlu‘ postorbital process was incom|)letcly pi‘e- 
served in C. bassiacus; that in (\ irildinigcusis agrees well with 
that of Tiniiiobaiis in the pr(‘sence of a canal for tlie pretreinatic 
ramus of the facialis and a distinct articular area tor the pala* 
tO(juadrate. 

In snm, aj)art fi’om a few dift'erenees regardiiig nerve fora- 
mina, jiossibly due to impei-feetions in the materials, the brain- 
ca.s(‘ described by Gross a^n-ees in almost every preserved feature 
with Tamiobaiis. It is obvious, assuming that Cladodus irildun- 
gaisis and Cladodus liassiacus are i-eally related, that the pi‘o- 
portions attributed by Stensid to the bi*aincase in his specimen 
are (literally) far short of the truth as regards its length. 

As noted earlier, I have long had in my possession coiisidei*- 
able materials of Jdniracauthns'' from the Lower Permian of 
Texas, and had, a number of years ago, begun a study of the 
braincase, including the serial sectioning of a number of speci- 
mens. 1 hope to complete this study in the not distant future, 
and will post})one any detailed comparison of this material with 
Tamiobaiis ajid Cladodus^^ until this has been done. It may 
be said in the meantime, however, that as far as can be seen at 
present, agreement is very close. If such a figure as that of the 
dorsal surface of the pleuracanth skull published by me in 1933 
(fig. 26; 1945, fig. 55)^ be compared with that of Tamiobaiis, 
it will be seen that the two are similar in all genei^al regards 
(excei)t for a somewhat greater lateral projection of the otie 
processes in Tamiobaiis) , and the same holds true for many 
other features of the anatomy. 

CONCLUSION 

I had at one time thought that, due to the great similarity 
between the pleuraeanths and Tamiobaiis, the latter might be 
an early representative of the pleuracanth group. Against this 
is the fact that pleuraeanths are mainly freshwater forms, 



1 Hiissakofs figures of this skull type (1911, pi. 29) are ?:rossly inaccurate, 
in a hishion similar to Eastman’s misinterpretation of Tamiobafif^, with florsal 
and ventral surfaces reversed, the ])ostorbital process identified as nasal cn])- 
sule, etc. 
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whereas Tamiobatis is from a marine limestone. This is not a 
eriieial ar^oiment, for the later plenraeanths may well have 
mi?:rated from salt water to fresh, and Tamiohatia mig-lit have 
been an anoesti'al maiane form. But since tlie Claclodiis ^^ 
specimens are, as far as known, in essential a^’reement Avith 
Tamiobatis and the plenraeanths, it is more reasonable to be- 
lieve that we are here dealing- with a truly ])riinitive elasmo- 
bi-anch type of braincase, characteristic of ancestral shark types 
in the Devonian, not improbably retained in more generalized 
Cai*bonifei'ous forms, and pei’sistently retained by the pleura- 
canth side-branch of the shark group. 

The most conspicuous difference between this type of primi- 
tive shark braincase and that of modeiai genera is, of course, 
the very long otic and occipital segments of the piumitive 
braincase, with the moi-e ‘‘expansive” development of the 
braincase cai'tilages to include the anterior part of the dorsal 
aorta within its substance. So radical ai^e the differences in 
l)ropoi'tion hei*e that it Avas not surprising that, in default of 
moi‘(' com})let(‘ mateidal, Stensib i*estored his CJadodus specimen 
in abbreviate modern fashion. 1 regard it as highly ])robable 
that all later elasmobranciis are descended from Triassic hybo- 
donts; in these foi'ins shoidening of the otic region had already 
occui*red (cf. Ilybodus, as figured by Smith Woodward, Ihlb, 
fig. 3). It is to be hoped that fnrthei* discoveries of Paleozoic 
sharks may at some future time give us knoAvledge of tlie phylo- 
genetic point at Avhich this shortening occuri*ed, and of the 
associated functional “reasons” (no doul)t complex). It is of 
interest, in vicAV of the belief of many that the elasmobranchs 
are allied to the placoderms, that in many members of that 
important Devonian gi*oup the “facial” region was, as in the 
older sharks, relatively short, and the otic plus occipital regions 
often greatly elongated. The change in propoidions seen in the 
evolutionary history of the elasmobi'anch “skull” may well be 
merely one of a number of parallel developments in this regard 
in highei’ fishes and loAver tetrapods. For example, the long- 
standing confusion as to tlie nomenclature of the dermal roofing 
elements of the frontal-i)arietal i*egions in rhipidislians Avas due 
to the fact that in the evolutionary seines rhi])idistians - am- 
phibians - reptiles there Avas a long-continued trend tOAvai’d 
relatiAT i*ednction of the ()tico-0(‘cipital region. Avith a concomi- 
tant i‘eai-rangement of the overlying dermal elements (W('stolL 
1938; see Bomor, 19-11, fig. 4). 
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One thus g'ains the iinpression that tlien* lias been, in the 
history of the ^nathostoine fishes, a stronj^- trend toward relative 
reduetion ot‘ the posterior portion of the eranial strnetnres and, 
very probably, a eoneoniitant elaboration of the ‘Maeial” re- 
gion. Study of the funetional ehain^es which underlie this trend 
may be worthy of pursuit. 



]?KFEKKXrKS 

P^ASTMAN, (\ H. 

]S97. Tamiobatis Vf fust us; a new form of fossil skate. Aiiier. Jour. 
Hei., (4) 4: So-90. 

Gross, W. 

1937. Das Kopfskelett von Chidodus wildutu/ensis Jaekel. 1. Toil. 
Fndoeraiiiimi inul P;ilato(iua<li*atum. Seiiekeiihergiana, 19 : 
80-107. 

IlrSSAKOF, L. 

1911. Tlie Permian fishes of North Ameriea. Carnegie Inst. Wash- 
ington, })iil)l. 146: 15o-17r>. 

JiLLSOX, W. R. 

1929. Geologic map of Kentucky. Kentucky Geological Survey, Frank- 
fort, Ky. 

Romer, a. S. 

1933. Vertebrate paleontology. Chicago, 491 pp. 2nd ed., 1945, 087 pp. 
1941. Notes on the crossoi)terygian hyomandibular :md brainease. 
Jour. :\lorph., 69 : 141-100. 

Stensio, F. a. 

1937. Notes on the eudocraninm of a Devonian Clndodus. Bull. Geol. 
lust. X'psala, 27: 128-144. 

1945. On the heads of certain artlirodires. Kungl. Svenska Vetensk. 
Handlingar, (3) 22 no. 1: 1-70. 

Westoll, T. 8. 

193S. Ancestry of the tetrapods. N^atnre, 141 : 127-128. 

Woodward, A. S. 

1910. The fossil fishes of the Plnglish Wealden ami Purbeck forma- 
tions. Palaeontographical Society, I.<ondon, volume for 1915: 
1-48, pis. I-IX. 

(Received August 20, 1903) 



